A novel Schiff base N- (2,4-dinitro-phenyl)-N'-(1-phenyl-ethylidene)-hydrazine has been synthesized and structurally characterized by X-ray single crystal diffraction, elemental analysis, IR spectra and UV-vis spectrum. The crystal belongs to monoclinic with space group P21/n. The molecules are connected via intermolecular O-H···O hydrogen bonds into 1D infinite chains. The crystal structure is consolidated by the intramolecular N-H···O hydrogen bonds. weak intermolecular C-H···O hydrogen bonds link the molecules into intriguing 3D framework. Furthermore, Density functional theory (DFT) calculations of the structure, stabilities, orbital energies, composition characteristics of some frontier molecular orbitals and Mulliken charge distributions of the title compound were performed by means of Gaussian 03W package and taking B3LYP/6-31G(d) basis set. The time-dependent DFT calculations have been employed to calculate the electronic spectrum of the title compound, and the UV-vis spectra has been discussed on this basis. The results show that DFT method at B3LYP/6-31G(d) level can well reproduce the structure of the title compound.
Introduction
The chemical properties of aroyl hydrazones have been intensively investigated in several research fields mainly due to their facile syntheses, tuneable electronic and steric properties and good chelating capability. 1 Especial the 2,4-dinitrophenylhydrazones exhibit good nonlinear optical (NLO) [2] [3] [4] and crystalline properties. [5] [6] [7] [8] [9] They are found to have versatile coordinating abilities towards different metal ions. In addition, some 2,4-dinitrophenylhydrazone derivatives have been shown to be potentially DNA-damaging and mutagenic agents. 10 As a result of their significant molecular nonlinearities and remarkable ability to crystallize in non-centrosymmetric crystal systems, 11 ,12 many X-ray structural studies of 2,4-dinitrophenylhydrazone have been reported. In order to obtain further information about 2,4-dinitrophenylhydrazone, the title compound was prepared and its synthesis, crystal structure, spectroscopic data, and electronic structure of the title compound reported. Furthermore, quantum chemistry calculation was performed to disclose the stability, molecular orbital energy and frontier orbital constitution. The electronic structure of the title compound has been determined with the density functional theory (DFT) method, and timedependent DFT (TDDFT) calculations have been employed for discussion of the spectroscopic properties in more detail.
Experimental Sections
General. All chemicals were obtained from commercial sources and used without further purification. IR spectra were recorded on a Nicolet 6700 spectrometer with KBr pellets in the 4000 ~ 400 cm -1 region. Crystal structure determination was carried out on a Bruker Smart APEX II CCD diffractometer. C, H, and N elemental analyses were performed on a PE-2400(II) apparatus. UV spectrum was recorded on a Helis Alpha, Thermo spectrometer (specpure acetonitrile as solvent) in the 200 ~ 600 nm range. Synthesis of the title compound. The title compound was prepared by reflux of (2,4-dinitro-phenyl)-hydrazine (1.0 mmol) and 4-acetylphenoy (1.0 mmol) in the presence of acetic acid in 50 mL ethanol. After refluxing 3 h, the solution was stood at room temperature for 6 days, and a quantity of block red crystals were produced with 87.5% yield. mp 260 ) 3390 (ν(O-H)), 3298(ν(N-H)), 1619(ν(C=N)), 1588(νas(NO 2) ), 1326(νs(NO 2) ). UV-vis (acetonitrile, λmax/nm) 204, 266, and 385.8.
Crystal structure determination and refinement. A red blocklike single crystal of the title compound with dimensions of 0.15 mm × 0.12 mm × 0.10 mm was used for X-ray diffraction analysis. Data were collected at 295 K on a Bruker Smart APEX II CCD diffractometer equipped with a graphite-monochromatic Mo Kα radiation (λ = 0.71073 Å) using an ω scan mode. The structure was solved by direct methods with SHELX-97 program 13 and refined by full-matrix least-squares techniques on F 2 with SHELXL-97. 14 All non-hydrogen atoms were refined anisotropically. Hydrogens attached to carbon atoms were included at their geometrical positions and refined in the riding mode. Amine and hydroxyl protons were located in a difference Fourier map and refined isotropically and no restrictions put on the D-H distance. The crystallographic data for the compound are listed in Table 1 , selected bond lengths and angles are listed in Table 2 , the details of the hydrogen bonds for the compound 15 on a Pentium IV computer using the default convergence criteria. The full geometry optimizations were performed starting from the experimental structure without constraints on symmetry at density functional theory (DFT) level with basis set 6-31G(d) and stationary points (including excited states) were characterized by frequency calculations. For DFT calculations, the hybrid B3LYP density functional (Becke's three parameter nonlocal exchange functional along with the Lee-Yang-Parr correlation functional) 16 was used. After optimizations, Mulliken charge and properties of frontier molecular orbitals of the title compound were analyzed using the results calculated at B3LYP/6-31G(d) level. The vertical excitation energies and oscillator strengths in low-lying singlet exited states were calculated at the TDDFT method at B3LYP/6-31G(d) level based on the optimized geometry.
Results and Discussion
Structural description. The molecular structure of the title compound is revealed in Figure 1 , 1D infinite chain structure in Figure 2 and its 3D framework in Figure 3 .
As shown in Figure 1 and Table 1 , the bond lengths and angles in the title compound have normal values. The molecule, except the C8-methyl group, displays a nearly co-planar structure. The dihedral angle between the two aromatic rings is 5.04 (2) o . The N1-C7 bond distance of 1.287(3) Å is significantly shorter than N1-N2 and N2-C9 bond distances, and indicates the typical C=N double bond. The N2-C9 bond distance of 1.344(3) Å indicates partial double-bond character. It should be noted that, within the phenyl ring attached to N2, both the C9-C10 bond [1.414(4) Å] and the C9-C14 bond [1.417(4) Å] are significantly longer than the average distance of 1.376(3) Å for the other four C-C bonds (range from 1.361(4), 1.397(4), 1.364(4) to 1.381(4) Å). This is presumably due to the fact that the non-bonding orbital of nitrogen can overlap with the orbitals of the arene, thus contributing to the iminocyclohexadiene resonance structure. 17 The C7=N1-N2 angle is 116.9 (2) o , which is significantly smaller than the ideal value of 120 o expected for sp The weak intermolecular hydrogen bond interactions further extend the 1D arrangement to generate an intriguing 3D framework as shown in Figure 3 .
DFT calculations. The calculated structural parameters are listed in Table 2 . Comparisons between the theoretical values with the experimental ones indicate that most of the optimized bond lengths are slightly larger than the experimental values, as the experimental data belong to solid phase, whereas the calculated data correspond to the isolated molecule in gas phase. The geometry of the solid-state structure is subject to intermolecular forces, such as van der Waals interactions, crystal packing forces and hydrogen-bond forces. 19 The largest difference between experimental and calculated N2-H2 length is 0.1582 Å, whereas the biggest deviation occurs in the C9-N2-H2 . The reasons for above discrepances maybe that, in the solid states, there exist hydrogen-bond interactions corresponding with N1-H2 bond, while in theoretical calculations, the interactions are neglected, which, to some extent, may lead to the bond angle of C9-N2-H2 smaller in solid than that in calculations. Despite of some differences, the calculated geometrical parameters represent a good approximation. So the DFT methods used here can reproduce the molecular geometry on the whole and they are the bases for our following discussion.
Energy and constitution of FMOs. The FMOs are important in determining such properties as molecular reactivity and the ability of a molecular to absorb light. These FBOs are important for optical and electric properties. 20 According to the quantum chemical calculations, the single point energy and frontier molecular orbitals were calculated. 35 atoms, 369 basis functions, 692 primitive gaussians, including 82 occupied orbitals, are involved in the calculation.
On the basis of molecular orbital theory, the HOMO-LUMO and the vicinal molecular orbital affect the property of coordination mostly. 21 The molecules will be stable when the energies of occupied front molecular orbitals are all negative values. 22 The energy levels of the HOMO-7, HOMO-5, HOMO-1, HOMO, LUMO, LUMO+1, LUMO+2 and LUMO+4 orbitals computed at the B3LYP/6-31G(d) level for the title compound are shown in Figure 6 is lower and the energies of HOMO, LUMO and their neighboring orbital are all negative, which indicate that the title compound is stable. The HOMO and its vicinal orbital play the role of electron donors, and the LUMO and its vicinal orbital play the role of electron accepters. 23 From the viewpoint of charge transfer, larger |εHOMO| means that ionization from HOMO is more difficult, that is to say, the title compound is hard to lose electron.
In order to disclose the electronic structure and bonding character of the title compound, systematical analysis on the molecular orbitals has been carried out. Here, the orbital component was assigned according to the percentage of orbital coefficient quadratic sum and normalization. For the convenience of discussion, the atoms of the title compound are divided into seven groups: (a) azomethine N atoms (N(I) 
, (e) C atoms on the 4-acetylphenoy benzene ring (C(I)), (f) C atoms on the (2,4-dinitro-phenyl)-hydrazine benzene ring (C(II)), (g) non benzene ring C atoms (CIII), (h) hydrogen atoms H. Five frontier occupied and unoccupied orbitals were taken into account in this paper, and the calculation results are shown in Table 4 and Figure 4 .
As will be seen in Figure 4 , the HOMO of the title compound is principally localized among two benzene rings and azomethine N atoms, whereas the LUMO is localized approximately on the 4-acetylphenoy benzene ring and nitro N atoms. According to our analysis, in the HOMO, the components of N(I), C(I) and C(II) are 30.59, 30.56 and 16.63%, respectively. The other atoms contribute to the molecular orbital are relative small. In the LUMO, the contribution of most atoms to LUMO changes greatly. The contribution of N(II) reaches 27.63%. The contribu- tion of O(II) and C(II) increases to 37.57 and 27.82%, respectively. Upon comparing the orbital component of HOMO and LUMO, it is easy to conclude that when electrons are excited from HOMO to LUMO, they will mainly transmit from the 4-acetylphenoy benzene ring and azomethine N atoms to the (2,4-dinitro-phenyl)-hydrazine benzene ring. Mulliken charge distribution. Based on the optimized structure of the title compound, the Mulliken charge distribution of all atoms is calculated and the results are given in Table 5 . The result shows that atomic electronegativity plays important roles for Mulliken charge distribution. Namely, between the two connecting atoms, the atom having bigger electronegativity will carry negative charges, while the atom having smaller electronegativity will carry positive charges. 19 So, for the title compound, N (from nitro group), H and C (non-bonding with H atoms) are all positive. N (from amine group), O and C (bonding with H atoms) are all negative. On the other hand, O(1) and N(2), are more negative and could act as electron donor when coordinating with metals. The analysis of the Mulliken charge distributions is consistent with the crystal determination.
Electronic spectra. The nature of the transitions observed in the UV-vis spectra of the title compound has been studied by the time-dependent density functional (TDDFT) method. The calculated and experimental electronic spectrum are presented in Figure 5 . As seen from the Figure 5 , TDDFT calculations well reproduce the absorption spectrum of the title compound. Table  6 presents the most important electronic transitions calculated with the TDDFT method for the title compound. The assignment of the calculated orbital excitations to the experimental bands was based on an overview of the contour plots and relative energy of HOMO and LUMO molecular orbitals involved in the electronic transitions ( Figure 6 ). The TDDFT calculations show that the longest wavelength experimental band at 385 nm originates in the HOMO → LUMO+1 transitions. The experimental band at 264 and 221.8 nm originates predominately in the HOMO-1 → LUMO+1 and HOMO-5 → LUMO transitions, respectively . As can be seen from the Figure 6 , The HOMO-1 is delocalized on the whole compound whereas the LUMO+1 is centered on the π-bonding orbitals of (2,4-dinitro-phenyl)-hydrazine benzene ring and azomethine N atoms. Otherwise, the HOMO-5 is centered on the (2,4-dinitro-phenyl)-hydrazine benzene ring. 
